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ABSTRACT: 

PURPOSE: To obtain a muttilayered film type structure of a magnetic recording medium 
suppressing the generation of recording noise at the time of high density recording and a method 
to produce the magnetic recording medium. 

CONSTITUTION: A 1st underlayer 5 of Cr, Ti, Zr, Al, Si, V, Nb, Mo or an alloy based on such 
metals, a 2nd underlayer 4 of Ta or Hf, a 3rd underlayer 3 of Cr, V or an alloy of them, a 
magnetic layer 2 of a Co alloy and a protective lubricative layer 1 are successively laminated on a 
nonmagnetic substrate 6. The average coercive force of the resultant magnetic recording 
medium is increased by 10-20% as compared with the conventional magnetic recording medium 
having a similar structure and the standardized noise factor is reduced by 10-18%. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic-recording medium which is characterized by providing the following and which 
formed the ground layer which consists of non-magnetic metal on the nonmagnetic substrate, and 
formed on it the magnetic layer which consists of an alloy containing cobalt. The aforementioned 
ground layer is the first ground layer which consists of an alloy which makes a principal component Cr, 
Ti, Zr, aluminum, Si, V, Nb, Mo, or those metals from the side on the above-mentioned nonmagnetic 
substrate. The second ground layer which consists of an alloy which makes Ta, Hf, or each a principal 
component. The third ground layer which consists of an alloy which makes Cr, V, or these a principal 
component. Structure which carried out the ****** laminating. 

[Claim 2] In the magnetic-recording medium which formed the ground layer which consists of non- 
magnetic metal on the nonmagnetic substrate, and formed on it the magnetic layer which consists of an 
alloy containing cobalt the aforementioned ground layer The first ground layer which consists of an 
alloy which makes a principal component Cr, Zr, Mo, or those metals from the side on the above- 
mentioned nonmagnetic substrate, The second ground layer which consists of an alloy which makes Ta, 
Hf, or each a principal component, The third ground layer to which it becomes from the alloy which 
makes Cr, V, or these a principal component, and the crystal structure is a body-centered cubic lattice, 
and the direction of orientation takes a direction at right angles (100) to the substrate side of the above- 
mentioned substrate, It is the magnetic-recording medium by which it has the structure which carried out 
the ****** laminating, and the crystal structure is a close packed hexagonal lattice, and the above- 
mentioned magnetic layer is characterized by being that to which the direction of orientation takes a 
direction at right angles (1 1.0) to the substrate side of the above-mentioned substrate. 
[Claim 3] The ground layer of the above second is a magnetic-recording medium according to claim 1 or 
2 characterized by the thickness being 3nm or more and 150nm or less. 

[Claim 4] The magnetic-recording medium according to claim 1, 2, or 3 characterized by having further 
a layer containing the oxide of the metal which constitutes the ground layer of the above second between 
the ground layer of the above second, and the ground layer of the above third. 

[Claim 5] The ground layer of the above 2nd at least is a magnetic-recording medium according to claim 
1, 2, 3, or 4 characterized by having the slot which had directivity in the near interface of the ground 
layer of the above 3rd. 

[Claim 6] The above-mentioned nonmagnetic substrate is a magnetic-recording medium according to 
claim 1, 2, 3, 4, or 5 characterized by being glass, carbon, or titanium oxide. 

[Claim 7] In the manufacture method of a magnetic-recording medium, by carrying out sputtering within 
a vacuum tub Cr, Ti, Zr, aluminum, Si, V, Nb, Mo, or the first ground layer that consists of an alloy 
which makes those metals a principal component, The second ground layer which consists of an alloy 
which makes Ta, Hf, or each a principal component At least, form one by one on a nonmagnetic 
substrate or a substrate with a nonmetallic front face, and after this, take out the substrate in which the 
ground layer of the above first and the second ground layer were formed from an end vacuum tub, and it 
returns in a vacuum tub again after that. The manufacture method of the magnetic-recording medium 
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characterized by forming the third ground layer which consists of an alloy which makes Cr, V, or these a 
principal component, and forming a magnetic layer on this on the ground layer of the above third 
further. 

[Claim 8] before forming the ground layer of the backward above third in which the ground layer of the 
above second was formed — this — the manufacture method of the magnetic-recording medium given in 
claim 7 term characterized by forming the detailed slot which had directivity in the front face of the 
second ground layer 

[Claim 9] a magnetic-recording medium according to claim 1, 2, 3, 4, or 5, the write-in means which 
writes a signal in the above-mentioned magnetic-recording medium, a read-out means to read a signal 
from the above-mentioned magnetic-recording medium, and ** — the magnetic recording medium 
characterized by having at least inner one side 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the magnetic-recording medium corresponding to high- 
density record, and its manufacture method. 
[0002] 

[Description of the Prior Art] In the field of magnetic recording, informational recording density and the 
transfer rate are improving quickly. Therefore, the magnetic disk unit and magnetic tape unit in which 
high-density writing and read-out are possible are called for. 

[0003] In order to realize the possible magnetic-recording medium of high-density record, improvement 
in track recording density, improvement in the ratio for a noise voltage of a read-out signal level (S/N 
ratio), and ** are required. In order to raise track recording density, while thin-film-izing record film, it 
is necessary to make coercive force increase. Moreover, it is necessary to bring the gap of the magnetic 
head, and the distance of MR element and a magnetic-recording medium close as much as possible, and 
to raise the resolution of a signal. 

[0004] In order to raise a S/N ratio, the noise reduction by reduction of magnetization pattern disorder of 
a magnetic-recording medium or reduction of a magnetization unit is required. 
[0005] Generally record film is formed in the front face of the disk used as a substrate, or a tape. In 
order to bring a head close to a magnetic-recording medium (record film), a substrate front face must be 
flat as much as possible. Therefore, flat-surface polish processing is precisely given to the disk substrate. 

[0006] As a disk substrate, the nickel Lynn alloy was plated to aluminum and what ground this has so 
far been used (henceforth a "nickel Lynn substrate"). Moreover, in recent years, the disk substrate of a 
nonmetal (for example, glass) is also increasingly used with the miniaturization of a magnetic disk unit. 
Especially, in the thing using a substrate with board thickness thin for the diameter of 65mm or less, this 
inclination is strong, for a stiff reason, a front face tends to carry out precision polish of the disk 
substrates with this nonmetallic, such as glass, and cheap — etc. — it is based on a reason 
[0007] Generally the magnetic-recording medium has taken the composition which formed the ground 
layer, the magnetic layer (record film), and the protection lubricating layer in the nonmagnetic substrate 
in order. And in order to realize a highly efficient magnetic-recording medium, it is known that it is 
effective to divide a ground layer into two-layer. As an example of such technology, there is technology 
currently indicated by JP,63-187416,A, for example. A ground layer is divided into two-layer and it is 
indicated by using a specific combination and the specific film formation conditions of material that the 
modulation and the S/N ratio of output voltage have been improved as shown in this official report at 
drawing 10 . 

[0008] The formation technology of the record medium at the time of using a glass substrate is indicated 
by JP,4- 188427, A. In this technology, it is experimenting with the structure which formed the tantalum 
film in the substrate and formed the cobalt alloy film on it. consequently, the cobalt alloy of the close- 
packed-hexagonal-lattice structure which has orientation (1 1.0) on the chromium alloy of body center 
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cube grillage construction with orientation (200) — growing up ~ electromagnetism — it is supposed that 
the transfer characteristic will be raised remarkably 

[0009] In addition, the thin film of Co or Co alloy can take the structure of a close packed hexagonal 
lattice and a face-centered cubic lattice. Among these, a close packed hexagonal lattice shows a 
performance high as a magnetic-recording medium. Furthermore, as a record medium within a field, the 
close packed hexagonal lattice which carried out orientation (1 1.0) is desirable. Appearing, if Cr and Cr 
alloy thin film are taking and (200) turning the orientation of the structure of a body-centered cubic 
lattice up and this orientation of Co forms it is known. 

[0010] In addition, orientation (200) and orientation (100) point out the same orientation to the crystal of 
a body centered cubic structure. In measurement of an X diffraction etc., since only orientation is 
detected (200), expression called orientation (200) is used. Expression called orientation (200) is used in 
the following. 
[0011] 

[Problem(s) to be Solved by the Invention] High coercive force, a square shape ratio, and a low noise are 
required of the magnetic-recording medium which aims at high-density record. The record medium 
which formed the chromium layer in the glass substrate through layers, such as a tantalum, has the 
outstanding point in magnetic properties or record reproducing characteristics. However, since the 
adhesion of a tantalum to a glass substrate is bad, it has the fault of being easy to exfoliate. In order to 
perform high-density record, it is necessary to make distance of the magnetic head and a record medium 
small, and since the opportunity for the magnetic head to contact the front face of a magnetic-recording 
medium also increases, the phenomenon in which a film exfoliates serves as a serious obstacle. 
[0012] On the other hand, in order to produce a magnetic disk in large quantities, it is required to be able 
to manufacture a magnetic-recording medium easily with a vacuum facility of simple composition. 
[0013] It aims at offering the magnetic-recording medium which realized outstanding magnetic 
properties, and endurance and reliability (especially adhesion with a ground layer with a substrate), and 
its manufacture method, the substrate (for example, glass substrate) suitable for the miniaturization 
being used for this invention. 
[0014] 

[Means for Solving the Problem] the cobalt alloy of the close-packed-hexagonal-lattice structure which 
has orientation (1 1.0) in the direction perpendicular to a substrate side on the chromium alloy of the 
body center cube grillage construction which has orientation (200) in the direction where an artificer is 
perpendicular to a substrate side - growing up - electromagnetism - the phenomenon which raises the 
transfer characteristic found out what is seen when a hafnium is formed on a nonmetallic substrate 
However, the hafnium was also found by that it is easy to exfoliate from a nonmagnetic substrate. 
[0015] Artificers examined various process conditions using various material. Consequently, before 
forming a tantalum and a hafnium on a glass substrate, it found out that this fault of being easy to 
exfoliate was cancelable by considering as the structure which prepared the thin film layer of the 
material which was excellent in the adhesion to glass. That is, when the thin film which consists of 
chromium, titanium, a zirconium, aluminum, silicon, vanadium, niobium, or molybdenum was formed 
as first ground layer between a substrate and the second ground layer which consists of a tantalum or a 
hafnium, it found out that the film on it (second ground layer) stopped separating. Moreover, it found 
that the alloy which makes these metals a principal component is also sufficient as a ground layer of the 
above first. However, it was also made clear that there were some metals suitable for using as these first 
ground layer which affect the crystal orientation of the third ground layer formed through the second 
ground layer. 

[0016] when especially chromium, a zirconium, and molybdenum were used as first ground layer among 
such material, the effect to which orientation (200) of the crystal which the second ground layer which 
consists of Ta or Hf becomes from the body-centered cubic lattice of the third ground layer is carried out 
was large, and in order to carry out orientation (1 1.0) of the crystal which it becomes from the close 
packed hexagonal lattice of the magnetic layer on it, C shafts found out carrying out orientation strongly 
in a field It seems that that is, the first ground layer which consists of chromium, a zirconium, and 
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molybdenum does not vanish the effect (effect to which orientation (200) of the crystal of the third 
ground layer is carried out) which the second ground layer has. 

[0017] For this reason, to the example of comparison, it had equivalent magnetic properties and low 
noise nature, and the magnetic-recording medium of this invention showed high adhesion. 
[0018] Since the effect to which the second ground layer carries out orientation (200) of the crystal of 
the third ground layer is a little inferior as first ground layer when titanium other than the above, 
aluminum, silicon, vanadium, and niobium are used, as compared with chromium, a zirconium, and 
molybdenum, magnetic properties and low noise nature are a little inferior. However, high adhesion was 
shown and the reliability as a magnetic disk was good. 

[0019] Moreover, artificers found out producing this orientation so strongly that the thickness of the 
ground layer of the above second being thin. Although influenced by other film properties, such 
orientation is observed by thickness about 150nm or less. However, since the orientation of Cr changed 
to the direction (110) and went when thickness was thicker than 150nm, it was also made clear that it 
was not desirable. Moreover, when the thickness of the ground layer of the above second was too thin, it 
was easy to become a discontinuous film, and the effect of carrying out orientation of the C shaft into a 
field is small, the bird clapper was observed, and it became clear that it is 3nm or more need desirably. 
[0020] Furthermore, the inclination for artificers to appear more strongly than the state where the 
direction of the state where the front face of the second ground layer has oxidized slightly does not have 
an oxidizing zone as for this operation was found out. After few oxidizing zones formed the ground 
layer of the above second, they were able to be formed by taking out from an end vacuum tub and 
carrying out fixed time storage in the atmosphere. The manufacture process of it after taking out from an 
end vacuum tub is completely the same as that of the magnetic disk using the nickel Lynn substrate, and 
since such a method can be manufactured using conventional equipment, it is the advantageous 
manufacture method. 

[0021] Moreover, holding in the low voltage atmosphere containing oxygen or moisture was also able to 
form. Moreover, the method of oxidizing the front face of the second ground layer more for a short time 
was also found out by technique, such as heating and plasma excitation. 

[0022] Moreover, artificers prepared the slot which had directivity in the front face of the ground layer 
of the above second with the mechanical polish means, and evaluated the magnetic-recording medium 
which formed and produced the third ground layer or subsequent ones on it. In this record medium, the 
magnetic anisotropy was accepted and obtained the magnetic-recording medium which has outstanding 
magnetic properties. 

[0023] The magnetic disk unit was manufactured using the magnetic disk which has such a magnetic- 
recording medium, and record reproducing characteristics etc. were evaluated, read-out is not only 
possible, but reflecting the property of a low book magnetic-recording medium, a noise writes in until 
high-density and especially a result shows high intensity to a contact start stop examination ~ high - the 
reliable magnetic disk unit was realizable 
[0024] 

[Function] this invention was excellent in the adhesive property (adhesion) over glass, and made the 
adhesion to the substrate of a magnetic-recording medium film with multilayer ground structure improve 
by using the chromium and titanium which are a metallic material also with the high adhesion to a 
tantalum or a hafnium, a zirconium, aluminum, silicon, vanadium, niobium, or molybdenum by one 
side. When Cr, Zr, and Mo are used especially, magnetic properties and record reproducing 
characteristics excellent in ** to which orientation of the easy axis of Co alloy crystal is simultaneously 
carried out to field inboard using the ground layer which consists of three layers are made to realize. 
[0025] 

[Example] The example of this invention is explained using a drawing. 

[0026] The internal structure of the magnetic-recording medium of this example was typically shown in 
drawing 1 . 

[0027] The magnetic-recording medium of this example has the structure which formed the first ground 
layer 5, the second ground layer 4, the third ground layer 3, a magnetic layer 2, a protective layer, and 
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lubricating film one by one on the nonmagnetic substrate 6. All over drawing, a protective layer and 
lubricating film were drawn collectively, and the sign 1 was attached. 
[0028] Tempered glass was used for the nonmagnetic substrate 6. 

[0029] Chromium, titanium, a zirconium, aluminum, silicon, vanadium, or niobium was used for the 
first ground layer 5. 

[0030] The tantalum or the hafnium was used for the second ground layer 4. 

[0031] In order to adjust grid adjustment with a magnetic layer, the chromium alloy which added 

titanium 10% at the rate of an atomic ratio was used for the third ground layer 3. 

[0032] The alloy which contains the chromium of 14 atomic-ratio % and the platinum of 8 atomic-ratio 

% in cobalt was used for the magnetic layer 2. 

[0033] Amorphous carbon was used for the protective layer. 

[0034] The material of a perfluoroalkyl polyether system was diluted, applied and used for lubricating 
film with the fluorocarbon system solvent. 

[0035] The manufacture method of this magnetic-recording medium is explained with a manufacturing 
facility. 

[0036] A manufacturing installation is vacuum membrane formation equipment, and has the pump for 
exhausting the gas inside a tub, the kind of a bulb, and the electron and electrical circuit for control. 
However, illustration of a unnecessary vacuum pump, a conveyance mechanism, a gas introduction 
mechanism, a vacuum tub stand, etc. is omitted to explanation. 

[0037] [Process 1] The continuous processing in a vacuum tub explains first how to manufacture a 
magnetic-recording medium, using drawing 2 , without taking out a work in the atmosphere in the 
middle of manufacture. 

[0038] The washed work (substrate 8 which is equivalent to the nonmagnetic substrate 6 here) was 
conveyed through the door bulb to the heat chamber 10, and the door bulb was closed after that. After 
carrying out evacuation of the inside of a tub with the vacuum pump, the heater 1 1 was turned on, and 
the work was heated to about 150 Centigrade. 

[0039] The heated work was conveyed through the door bulb in the first ground stratification room 13. 
And argon gas was introduced into the first ground stratification room 13 until the pressure was set to 
about 0.6Pa. The target 33 of the first ground layer metal was made to produce the glow discharge 
plasma 30, and 20nm of first ground layer 5 was formed in the front face of the work arranged at the 
front by the sputtering method. 

[0040] Then, at the second ground stratification room 14, 20nm of second ground layer 4 was formed in 
the work. 

[0041] Then, in the heat chamber 24, the work was reheated to about 350 Centigrade. The heater 1 1 
performed heating. 

[0042] Furthermore, at the third ground stratification room 15, about 80nm (third ground layer 3) of Cr- 
Ti alloy films was formed on the second ground layer 4. 

[0043] Then, at the magnetic layer formation room 16 and the protective-layer formation room 17, the 
magnetic layer 2 and the protective layer 1 were formed. In addition, since the formation method of a 
magnetic layer 2 and a protective layer 1 is technology again already used widely when considering as 
the feature of this invention not but, explanation here is omitted. Thus, the magnetic-recording medium 
which has the internal structure shown in drawing 1 was able to be manufactured. 
[0044] As long as it can convey a work to an opposite direction, you may adopt the equipment 
configuration which shares a heat chamber 24 and a heat chamber 10. Moreover, in order to save the 
time of the evacuation accompanying receipts and payments of a substrate, it may take out with the 
preparation room of exclusive use, and loculus may be connected behind the protective-layer formation 
room 17 a heat-chamber 10 front, respectively. Also by the difference in the conveyance method, 
various modifications can be considered to a manufacturing installation. For example, you may use the 
equipment which takes out with preparation and has the vacuum chamber of combination. 
[0045] However, it is necessary to provide all meanses to form in a manufacturing installation a means 
to heat a substrate, the first ground layer, the second ground layer, the third ground layer, a magnetic 
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layer, and a protective layer. 

[0046] The 2nd example of this invention is explained. 

[0047] The magnetic-recording medium of this 2nd example is characterized by forming the film (" only 
hereafter called "oxidizing zone") 41 containing the oxide of the metal which constitutes the second 
ground layer 4 between the second ground layer 4 and the third ground layer 3 as it is shown in drawing 
3. 

[0048] Two-kind (process 2-1, process 2-2) explanation of the manufacture method of this magnetic- 
recording medium is given. 

[0049] [Process 2-1] In this process 2-1, the first ground layer 5 and the second ground layer 4 are 
formed with the equipment of drawing 4 , and the film after the third ground layer 3 (layer) is formed 
using a facility of drawing 5 . 

[0050] In drawin g 4 , the work (substrate 8 here corresponding to the nonmagnetic substrate 6) was 
conveyed to the heat chamber 10 under atmospheric pressure. And after carrying out evacuation of the 
heat chamber 10, the substrate 8 was heated at the heater 11. 

[0051] Then, this substrate 8 was conveyed in the first ground stratification room 13, and it has arranged 
at the front of the target 33 of the first ground layer metal. And about 20nm of first ground layer 5 was 
formed in the front face of this work by the sputtering method. 

[0052] Next, the door bulb of the downstream of the first ground stratification room 13 was opened, the 

work (substrate 8 in which the first ground layer 5 was formed here) was conveyed in the second ground 

stratification room 14, and it has arranged at the front of the target 34 of the 2nd ground layer metal. 

And about 20nm of second ground layer 4 was formed on the work by sputtering. 

[0053] Then, the vacuum tub was returned to atmospheric pressure and it took out to the atmosphere 

through the door bulb 12. And it was kept in the atmosphere of ordinary temperature for about 5 hours. 

During this storage, of the oxygen in the atmosphere, the front face of the second ground layer 4 

oxidized, and the oxidizing zone 41 was formed. The film after the third ground layer 3 (layer) was 

formed using the manufacturing facility of drawing 5 as stated below after this. 

[0054] In drawing 5 , evacuation of the work was conveyed and carried out to the heat chamber 10. 

Then, this work was heated to about 350 Centigrade at the heatef 11. 

[0055] Then, at the third ground stratification room 15, the third ground membrane layer 3 was formed 
by the thickness of about about 80nm by sputtering. The Cr-Ti alloy was used for the target 35 of the 
third ground layer metal. 

[0056] Then, at the magnetic layer formation room 16, the film (magnetic layer 2) of a cobalt alloy was 
formed on the third ground layer 3 by the sputtering method. Here, thickness of the film (magnetic layer 
2) of a cobalt alloy was set to about 33nm. 

[0057] Then, the amorphous carbon film (protective layer) was formed on the magnetic layer 2 by the 
sputtering method at the protective-layer formation room 17. Here, thickness of a protective layer was 
set to about 15nm. 

[0058] In addition, the equipment of drawing 4 is the completely same composition as the 
manufacturing installation of a magnetic disk which uses a nickel Lynn substrate. Therefore, 
construction of a manufacture process can be performed easily and, moreover, futility does not arise in a 
facility. 

[0059] The points which form the oxidizing zone 41 differ in a process 2-1, without the [process 2-2] 
this process 2-2 taking out a work from a vacuum tub the middle. 
[0060] This process 2-2 is explained using drawing 2 . 

[0061] At a heat chamber 10, the first ground stratification room 13, and the second ground stratification 
room 14, the 1st ground layer 5 and the second ground layer 4 were formed. Since the procedure in the 
meantime is the same as the above-mentioned process 1 (process 2-1), explanation is omitted. 
[0062] Then, the work after forming the second ground layer 4 was moved to the heat chamber 24. And 
oxygen was introduced into the heat chamber 24 to the pressure of about 0.01 Pa through the oxidization 
gas inlet 22. And among this atmosphere, by heating a work to about 350 Centigrade, the front face of 
the second ground layer 4 was oxidized, and the oxidizing zone 41 was formed. 
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[0063] Then, a magnetic-recording medium completes the third ground layer 3, a magnetic layer 2, and 
a protective layer 1 by forming one by one. About the formation method of the third ground layer 3, a 
magnetic layer 2, and a protective layer 1, since it is the same as the process mentioned above, and good, 
explanation is omitted. 

[0064] As for the first ground layer 5 and the second ground layer 4, it is more desirable to form at 
temperature higher than ordinary temperature. However, the adhesion later mentioned even if it forms in 
ordinary temperature improves. Therefore, the heat chamber 10 of drawing 2 and drawing 4 can be 
omitted. However, when a heat chamber 24 is omitted with a facility of drawing 2 , a heat chamber 10 
cannot be omitted. 

[0065] The method of forming an oxidizing zone 41 can consider various methods besides the method 
mentioned above. 

[0066] For example, it is possible also by introducing a steam in a heat chamber 24 instead of oxygen to 
oxidize the front face of the second ground layer 4. In this case, a steam is introduced into the grade 
from which the pressure in a heat chamber 24 is set to 0.001 to O.OlPa. However, especially when the 
manufacturing facility which is not good as for a degree of vacuum is used, even if it introduces neither 
oxygen nor a steam, it may become a partial pressure of this level. In this case [ especially ], it is not 
necessary to prepare a gas inlet. Moreover, especially the thing for which leaving oxygen or a steam in 
the atmosphere included about lPa for 1 hour even if it does not heat also forms an oxidizing zone in the 
front face of the second ground layer 4 is possible. 

[0067] Moreover, it is also possible to oxidize the front face of the second ground layer 4 by impressing 
voltage to a substrate 8 and generating electric discharge. According to this method, an oxidizing zone 
41 can be formed in a short time. In applying this method, it uses it, replacing with the second heat 
chamber 24 of drawing 2 the vacuum chamber shown in drawing 6 , and installing it. A oxidizing gas 
(for example, oxygen, a steam, or its mixed gas) is introduced into a vacuum chamber to the pressure of 
about lPa. Introduction of this oxidizing gas is performed through the oxidization gas inlet 22. And 
glow discharge plasma was produced around the substrate 8 by impressing alternating voltage to the 
substrate 8 carried in the substrate electrode holder 9 by the voltage impression means 23 (oxygen 
plasma treatment). Then, an oxidizing zone 41 can be formed in the front face of the second ground 
layer 4 in about about 5 seconds by the collision of the oxygen ionized or excited or OH. In the 
following explanation, the manufacture method which formed the oxidizing zone 41 using this oxygen 
plasma treatment is called "process 2-2'. 11 

[0068] Although there may be various deformation in a manufacturing installation, it is necessary to 
provide all of a means to heat a substrate, the first ground layer, the second ground layer, the third 
ground layer, magnetic layers, meanses to form ******** ? and oxidization meanses. A square shape 
target may be used depending on equipment. There is also a facility with which the composition of a 
vacuum tub also changes with differences in carrier system. Moreover, there is also a facility which 
forms membranes one by one, forming membranes and conveying, where a work is stopped. However, 
the difference without regards to the lamination of a magnetic-recording medium is not differing in the 
manufacture method of this invention, and essence, either. 

[0069] The magnetic-recording medium of this invention is not limited to the example mentioned above. 
Especially the thickness of each class mentioned in explanation of the manufacture method, material, 
etc. are only an example. 

[0070] Next, the result which measured the various properties (adhesion, a static magnetism property, 
crystal orientation) of the magnetic-recording medium of this invention shown in the example 1 and the 
example 2 is explained using drawing 7 . 

[0071] The measuring object and the measuring method are as follows. 
[0072] Measuring object (disk type magnetic-recording medium) 

Lubricating layer : the material of a perfluoroalkyl polyether system is diluted with a fluorocarbon 
system solvent, and it is an application protective layer. : Amorphous carbon magnetic layer 2:Co-Cr-Pt 
alloy, The second ground layer 4:material 33nm 80nm in the third ground layer 3:Cr-Ti alloy and 
thickness in thickness Refer to drawing 7 , The ground layer 5 of 20nm first in thickness: The sample of 
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20nm in referring to drawing 7 and thickness, and the tempered glass outer diameter of 65mm of an 
aluminosilicate system, the bore of 20mm and the 0.635mm sample numbers 1 and 2 of glass-substrate 
6:board thickness is an example of comparison, and material does not form the first ground layer 5. 
[0073] The sample of sample numbers 3-13 has not formed the oxidizing zone 41 corresponding to the 
example 1 (process 1). 

[0074] The sample of sample numbers 14-26 corresponds to an example 2. 

[0075] Sample numbers 14-15 and the sample of 17-20 form an oxidizing zone 41 by carrying out 

natural oxidation in the atmosphere (process 2-1). 

[0076] The sample of a sample number 16 was manufactured with the application of the above- 
mentioned process 2-1. However, before forming the ground layer 3 after [ third ] the second ground 
layer 4 formation, texture processing which forms a detailed slot was performed to the circumferencial 
direction. This texture processing was performed by pushing against the front face of the work made to 
rotate the tape on which the alumina abrasive grain (particle size of about 2 micrometers) was pasted up 
by 400rpm by the pressure of lOOg. After texture processing was washed and formed the third ground 
layer 3, magnetic layer 2, and protective layer 1 using the facility of drawing 5 . 

[0077] The sample of sample numbers 21-23 forms an oxidizing zone 41 by oxidizing thermally among 
oxygen atmosphere. (Process 2-2) . 

[0078] The sample of sample numbers 24-26 forms an oxidizing zone 41 by oxygen plasma treatment 
(process 2-2'). 

[0079] The detailed specification of different others for every sample was shown in drawing 7 . 
[0080] [1] The magnetic-recording medium film of which measured whether it would separate from a 
substrate by pasting the magnetic-recording medium which attached the crack in the shape of a grid, and 
tearing off the adhesive tape of the high polyester base of adhesion ** measuring method adhesion 
force. ' 

[0081] ** The ratio of the area in which a measurement result and its evaluation film remained was 
shown in drawing 7 as adhesion. 

[0082] With the sample of sample numbers 1 and 2 (example of comparison), it has separated 
completely. 

[0083] On the other hand, the sample (this invention) of sample numbers 3-26 showed high adhesion, 
the case (sample of sample numbers 4, 5, 10, 11, 12, 14, 15, 16, 18, 19, 21, 22, 23, 24, 25, and 26) where 
Ti, Zr, and Mo are used as first ground layer 5 especially — the second ground layer 4 - Ta and Hf ~ 
good adhesion was shown even if it was any Thus, it was checked that the adhesion of Ta and Hf to a 
substrate improves by forming the first ground layer 5. 

[0084] In addition, about the sample of the sample number 16 which gave texture processing, film 
peeling was not observed at all at the time of the above-mentioned texture processing. On the other 
hand, although what gave texture processing to the sample (example of comparison) of a sample number 
1 was not shown in drawing 7 , it was difficult for Ta film to separate from a glass substrate and to use 
as a magnetic disk. 

[0085] [2] The static magnetism property ** measuring method static magnetism property cut the 
sample, and measured it with the oscillating sample type magnetometer. The coercive force He at the 
time of impressing a magnetic field to a hoop direction and measuring it (Th), the coercive force at the 
time of being impressed by radial, and the ratio of ** are defined as an orientation ratio. When an 
orientation ratio is larger than 1, it means that the coercive force measured to the hoop direction is larger 
than the coercive force measured to radial. 

[0086] ** In the sample of a measurement result and the evaluation sample number 16, the coercive 
force to which the coercive force which impressed and measured the magnetic field to the 
circumferencial direction impressed and measured the magnetic field to radial on the other hand 32.3 
kA/m was 26.5 kA/m. An orientation ratio is 1.22 and it became clear to have the anisotropy. Moreover, 
the value of the coercive force of a circumferencial direction is also the largest. Therefore, it turns out 
that induction of the magnetic anisotropy of a circumferencial direction is carried out by texture 
processing which went to the front face of the second ground layer 4. 
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[0087] [3] The signal was actually written in the recording characteristic ** measuring method sample, 
and the recording characteristic was measured. Among recording characteristics, a spatial distance at the 
front face of a record layer and the nose of cam of a record gap was held to about 50nm using the thin 
film magnetic head, and it recorded on measurement of the most important noise by 5.5k bit/mm 
recording density. And it asked for the standardization noise coefficient by standardizing the actual 
value of the disk noise at that time with the peak value of the output voltage at the time of writing in by 
low frequency. Altogether, since it was the same, conditions, such as the width of recording track and 
peripheral speed, evaluated the relative record noise which a medium has based on this standardization 
noise coefficient here. 

[0088] ** When the standardization noise of the sample of sample numbers 4, 5, 7, 11, 12, and 13 is 
compared with the standardization noise of the sample of sample numbers 14-20 among the samples of a 
measurement result and its evaluation sample number^-13, the noise of the sample of sample numbers 
14-20 is smaller. 

[0089] Moreover, similarly, when sample numbers 21-23 and the standardization noise of the sample of 
24-26 are compared with the standardization noise of the sample of sample numbers 4, 5, and 11, sample 
numbers 21-23 and the sample of 24-26 of a standardization noise are smaller. 
[0090] When the cross section of the sample of sample numbers 4, 5, and 1 1 was observed with the 
transmission electron microscope, it was observed that the about several nm oxidizing zone 41 is 
formed. This showed that the IZU coefficient of standardization decreased in an oxidizing zone 41 
existing. Especially this shows that this invention is useful also to low noise-ization. 
[0091] It turns out that it is a suitable material to use as a ground layer 4 of Hfsecond like Ta. 
[0092] [3] The sample which changed variously the thickness of the crystal orientation ** measuring 
object and the ground layer 4 of a measuring method second was created, and this was made into the 
measuring object. Conditions other than the thickness of the second ground layer 4 (for example, 
material, a process) presupposed that it is the same as that of the sample of a sample number 5. The X 
diffraction performed measurement of crystal orientation. 

[0093] ** The measurement result X diffraction showed that the orientation of a CrTi film (third ground 
layer 3) was [ the orientation of Co alloy film (magnetic layer 2) ] (1 1.0) in (200). This situation is 
shown in drawing 8 . In drawing 8 , a horizontal axis is the thickness of the second ground layer 4. The 
vertical axis is made into the peak intensity of Co (1 1.0) diffraction and Cr (200) diffraction which were 
searched for from the X-ray diffraction spectrum of a sample. 

[0094] An increase of the thickness of the second ground layer 4 decreases the orientation (1 1.0) 
intensity of the orientation (200) of a CrTi film, and Co alloy film. Moreover, even in very thin fields 
3nm or less, such orientation intensity decreases in number, the field where the cause by which 
orientation intensity shows such behavior has the very thin thickness of the second ground layer 4 - this 
- it became clear from the observation result by the transmission electron microscope that the second 
ground layer 4 is in a bird clapper discontinuously From the above thing, the thickness of the second 
ground layer 4 will be concluded, if it is most desirable to be referred to as about 3nm or more and about 
75nm or less. If thickness of the second ground layer 4 is carried out within such limits, since the 
inclination C shaft of Cr alloy carries out [ the inclination ] orientation into a field is very strong, it 
excels in magnetic properties and the low record medium and bird clapper of a noise are known. 
However, the standardization noise coefficient had [ about 150nm ] the low thickness of the second 
ground layer 4. 

[0095] Although the feature of such crystal orientation is looked at by all the samples of sample 
numbers 3-26, especially, by Cr, Zr, and Mo, this inclination is strong and a thing [ heighten / coercive 
force ] is obtained. In other Ti, aluminum, Si, V, and Nb(s), the peak of Cr alloy which carried out 
orientation (1 10), and Co alloy which carried out orientation (10.0) is observed slightly. Therefore, it 
can be said that Cr, Zr, and Mo are the first [ which raises adhesion ] outstanding ground layer, without 
checking the effect to which Ta and Hf carry out orientation (200) of the Cr. 
[0096] Next, the result which measured the property of the magnetic-recording medium using the 
substrate which consists of material other than glass is explained using drawing 10 . Measurement and 
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evaluation were performed by the same method as an above-mentioned case. Moreover, the term (or 
expression) which shows the various conditions in drawing 10 is used in the same meaning as drawing 
7. 

[0097] Measuring object (disk type magnetic-recording medium) 

Lubricating layer : the material of a perfluoroalkyl polyether system is diluted with a fluorocarbon 
system solvent, and it is an application protective layer. : Amorphous carbon magnetic layer 2:Co-Cr-Pt 
alloy, 33nm 80nm in the third ground layer 3:Cr-Ti alloy and thickness in thickness The second ground 
layer 4:tantalum, The ground layer 5 of 20nm first in thickness: That to which material ground the front 
face of a glassy-carbon substrate with amorphous 20nm in refer to drawing 9 and thickness and substrate 
6:material was used for the sample of the drawing 9 reference outer diameter of 65mm, the bore of 
20mm, and the 0.635mm sample numbers 27-30 of board thickness as a substrate. The substrate which 
the whole substrate turns into from a titanic-acid ghost was used for the sample of sample numbers 31- 
37. The thing in which the oxide film with a thickness of about 500nm was formed only on the front 
face of the substrate of the ground titanium metal was used for the sample of sample numbers 35-38. 
[0098] The sample of sample numbers 30, 34, and 38 gave texture processing to the front face of the 
second ground layer. 

[0099] Other conditions were shown in drawing 9 . In addition, the sample of sample numbers 27, 31, 
and 35 is shown as an example of comparison, and has not prepared the 1st ground layer. Moreover, the 
data of the sample (the conventional example using the glass substrate) of the sample number 1 
mentioned above and the sample (this invention using the glass substrate) of sample numbers 5 and 12 
were also carried to drawing 10 . 

[0100] With the sample of the sample numbers 27, 31, and 35 which have not prepared the 1st ground 
layer, adhesion was 0 - 24%. This was almost of the same grade as the result of a sample number 1, and 
the specification as a magnetic disk was difficult. On the other hand, adhesion is 100% and, as for 
sample numbers 28-30, 32-34, and 36-38, improvement in adhesion was found also to these substrates. 
Compared with the sample (example of comparison) of sample numbers 27, 31, and 35, as for the 
sample (ground layer : first Zr) of sample numbers 28, 32, and 36, the standardization Neuss coefficient 
is decreasing slightly. Moreover, the holding power He of a hoop direction is increasing slightly. 
[0101] Crystal orientation was investigated about the sample of sample numbers 27, 28, 31, 32, 35, and 
36. Consequently, it turns out that it does not depend for the orientation (200) and cobalt alloy (1 1.0) 
orientation of a chromium alloy on the existence of the first ground layer 5 which consists of Zr. 
Moreover, Cr and Mo were also producing the above-mentioned orientation like the case where a glass 
substrate is used. Since Ti, aluminum, Si, V, and Nb produced orientation other than the above, the 
inclination which a standardization noise coefficient increases was seen. Therefore, even when 
substrates, such as such carbon, are used, it turns out that Zr, Cr, and Mo are suitable as first ground 
layer 5. 

[0102] With the sample of the sample numbers 30, 34, and 38 which gave texture processing, the big 
values were indicated to be the orientation ratios 1 1.5-1 1.8. Moreover, the magnetic anisotropy which 
has the magnetization easy direction in a hoop direction was shown. Thereby, the holding power of a 
hoop direction improved and its standardization noise coefficient also improved. 
[0103] In the experiment ( drawing 7 - drawing 9 ) mentioned above, although the glass of an 
aluminosilicate system was used as a glass substrate, the effect of this invention was acquired also about 
the glass (for example, soda lime system glass, glass ceramics) of kinds other than this. Moreover, 
various above-mentioned effects were acquired, without being almost dependent on the third ground 
layer thickness, when the third ground layer thickness was 300nm or less. 
[0104] The 3rd example of this invention is explained. 

[0105] The magnetic-recording medium 8 of this invention was formed in the shape of a disk (substrate 
material : glass, an outer diameter : 65mm, a bore : 20mm, thickness : 0.635mm, a magnetic layer : both 
sides formation). And the this disk type magnetic-recording medium 8 was attached in the axis of 
rotation, with the thin film magnetic head, a head drive, and the record reproduction IC, it included in 
the case and the magnetic disk unit was produced. Record reproduction was carried out by track- 
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recording-density 3.94k bit/mm (100k bits per inch), and track density 236 truck / mm (6k truck / inch), 
and the error incidence rate was low and obtained the good magnetic disk unit. 

[0106] this invention is not restricted to a disk type record medium. Moreover, it is applicable also to the 
magnetic-recording medium of longitudinal directions, such as a magnetic tape using other substrates. 
[0107] 

[Effect of the Invention] this invention has the big effect that a record noise is reduced, to the noise 
reduction at the time of the reading appearance of a magnetic-recording medium. As long as this 
invention takes the same lamination also in the magnetic-recording medium of longitudinal direction 
recording methods, such as not only a disk type magnetic-recording medium but a magnetic tape, an 
effect equivalent to this example is expected. 



[Translation done.] 
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pagatass-e, *-©T«H»«a i 3 C7;u=f 

>»X*IIAl/&. ^-©Ttt!lB^J»©^-y<y h 3 3 
K^o-iHr/5Xv3<>*£e*-a-. ^©lEffilcffiffi 
Vtzy-9(D&m\Z. 7>ny?V>>/mz£-z>T%-<D 
Tii5*2 0nmMl«:, 

[0 0 4 0] J£V>T. JB=:©T*li»**l 4IC*V» 
T. 7-*fc»=©TJOT4ft2 0nm»jjil,fc. 

[0 0 4 1] i^^T, JPS»S2 4fc45^T»7-^S«Bc 
3 5 0«!CWftlSI!5b&. HDJSftttt-^-1 1 fciot 
ffofc. 

[0 0 4 2] S6fc» *£OTi)B»)jai5C6H 
T, m=©THilS4 0±(C. Cr >T1HI (^H© 
Tifi@3) S8 0 nmgJSMlt. 

[0 0 4 3] i©^ ttttJBftjftfel 6. iflflUMIJ^K 
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(5) 

7 

■at©, zz.-e<Dmmt'&m?z>, z\o£v\zLxmi 

co o 4 4] y-tz&jjmzmmT-zwz&nfc 
mms. 2 4 turns i o t z&m-rsmwm&z&m i/ 

ft»»f*&e&fc:. */B©tt&*&<t®D musts, 

1 0 ©fift&(gffiB»j£3 1 7 fflftC-tn-f niMlE 10 

[0 0 4 5] fib. K&SBKtt. S«*ftl^-r5#g; 
fc. ff§-©Ttf!Jg. »z:ce>T«JB. *=®TJWB. «tt 

•5. 

[0046] *&w<z>&2<Dm&mmm?z. 
[0047] m&2<Dmn&i<Dmim®mmt> m3\z 

ak-rt&V, ®=:©TifiJi4<i:f!H©TifiJl3£:©ffi 20 
t, S=©T*»4S*/j^S&«©Bfl;ftft^«* 
»■ (BUT, KfcJT ) 4 1 ^fftt^fe^ 

[oo4 8] z<Dm%m®m&<D®&?jm&2wm m 
tt2-i. 8^2-2) e»rr«. 

[0 0 4 9] [US2-1] uOSi2-lTlt 
©TifeS 5 RtfJBnoTilH 4 £0 4 ©S|r«M6U 
*=©T*JB3fi»©K OB) «BI5©i£fi£fflV>TJg 

[0 0 5 0] ■4C*tvr. ASUET. Mttl 0C7 50 
-2 (21Jirtt#«tt«E6fi:»iWsai«8) 

1 n?S«8&MfcL&. 

[0 0 5 1] m>T. ttX4K8«ff-"©T«JR«AAl 
3 fc*SU m-©T«JH^«©^-y-v h 3 3 ©Effi 

-^©SffifC^-©Tflfi® 5 £&2 0 nmi^tLt 
[0 0 5 2] »— <OT«S»j£ft 1 3<DTffim<D 

U «2©Ti6JB4JR©^-yyh3 4©jEBflcBBl/ 

fc. *i/r, ^»^u>iti3T. ^-^wifcig 

=©T«UB4*tt2 0nm»j*L&. 
[0 0 5 3] C©». Jt!S»S*aEfcRb. 

»a©*»*Trfl«bfc. ^«w^tc, **>*©«*£ 

<fc o T3S~©TifiJB 4 ©&BfiWM:3 nTWfcJB 4 1 a* 

5©»aRflt*fflV»TSII=©TJIMI3«»©il (1) « 
MfcLft. 50 



WW8-21 2 5 3 1 

[0054] B5K*wt. 7-?£fln&gi oess 

U Sffi#»Lfc. £©&, t-*-l lTS7-?£ 

[0 0 5 5] »V»T. gH©TJMHMHk 1 5 CSfr* 
T. X/l2/^U>^fCckoT, Sg=©TJ6l8?li3£*<j8 
0 nmS*©JP;S"WlttSl,&. SI=©Tift@&«©*- 
y>y h 3 5 fctt. C r • T i 

[0 0 5 6] «Jlr»T. ttttfffflfj^l 6£i3^T. X/1 
y * U >ifffiC«t-3T, ®H©TUS® 3 ©±K3AVPh 
ft*©M 08&B2) fe»*bfc. ^TliriAVH^ 
&©K 0BttJR2) ©f^^3 3nratLfc, 

[0 0 5 7] *■©«, «WH»«a 1 7 tf. X/ty*U 
>^StC<toT, «ttH2©±fc#ftIl*-j|?>g| (ft 
M) «®H©»$5&*«J1 5n 

[0 0 5 8] fciJ, 04©gfi«> ZyWhU>SlS 
SfflHSflltT^ X£ ©§?££§<!::£< mm<D®i&T-& 
5. ^©fc#, *afcW67a-feX©*HI&5fC#, Ljfe 

[00 5 9] [8S2-2] K«j£2-2«, 7 

[0 0 6 0] K«fe2-2ftH2ftffl^TttWr*. 

[0 0 6 1] ftHRttl 0, Sg-©TiftJI^j££l 3, |g 
-©Ti6JB»*«14fc*WT, SSl©Ti6»5, «~ 
©T«JB4*»«Uit. E©m©3*Itt±SB©»jfei 

[0 0 6 2] £©&, »n©T»JB4fi»riSlyfc«©7 
»J»*2 4fc»Ufc. JDiiS2 4tcK 

WXiAD2 2&at;T, 0. 0 1 Pagaf©jEE££ 

K*53 5 OJSfcaqf^-rsrtT, SB=:©TJfiJ14©«ifi 
«KflSS«KftJP4 1 fe^fietfeo 
[0 0 6 3] ^©^, ^=©T«J)P3, att)S2. ftS 

^=©T«lB3, att»2, ffJIH 1 ©»|fcSFj*lct3V» 

[0 0 6 4] *-©TflWB5*«fctfJB=©TiSJi4tt. 
«*±0BV»fl*-C»j«f **«»J:DaaL^. Life 

T, 0 2 fc 0 4 ©AIMS 1 0 tt. =tBSf S C t At pitB-C 
»«. fcfc'U H2©ISKII a PAl9R(i[2 4«irKU^«^ 

[0 0 6 5] Kfl:H4 1 ±^Lfc* 

[0 0 6 6] «Atf. S«©ftt>0IC«»S£AlSRS2 
4rt(CjgA-r<5;i£:£cfcoTtK ^-©TffiH4©gH 

2 4|^©JI*atO. 0 0 1^5 0. OlPat^SgK 
fit. *££©&< &»H&ttff 
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(6) 

9 

©g«©#jEtft5«&#&s. zamGitmztfxm 

t>. K^ifcti^sJir^ i p aes^fc*^H§tr m 

[0 0 6 7] jtfc. *«8IC«EESTOPUT««*»4 

B 6 KjKTK2»B£. B 2 ©3S-©M&g 2 4 <h Attg 

^a*fctt-5-OS^j?X) £, 1 P aSS©E^*T?R 

P2 2SaUTfT^5. -tbT, »R*^-9fc*« 
3nfcS«8 fc«JEEn»^©2 3 fc«fc^>T£8E«EE£Bl 

ttajBS*lfc«**fcttOH©««!fcJ;oT. *55g>g 
ST®-©T*H 4 ©gffltt&ffcB 4 i a? 

[0 0 6 8] £ii£B{Cl^*ft£B*(&Qft«ftf. S 

WL**m?*¥&k.* B-©TJfi«, m-armm. m 

oT. X£1i©«J*t>gft5i8:ii i &i&3. Sft. 7—0 
ftff±*ttfc^TdMOT6©Trttft<. Bi£Lfttft£> 3£> 

is&B&B-rsBtiifc**. muE»mff:(z>««i 

*Vvt*ft.B0fcT»ttftlr». 

[0 0 6 9] *an©a&efttttttt. Jb»Ufc£lS« 

&, &s©j?s, wwstt-«fc-r«fa:v». 

[0 0 7 0] *fC, &IKM1. jHJMI2-WRUfc*»W 

©fiiMfa@*R#0&«#tt (mm. ma&m* *sji 
[0071] mfett&.Rzm%.i]mmi : <Dti$r)-?$ ) 40 

[0072] aj^jfe (^^mmfmmmm 

ftM : 

fflcttl 2 : C o • C r • P t jP3 3 3 nm 
&Z©TittJf 3 : C r • T i if a 8 0 nm 
$g-©TflSJg 4 : tffittH 7 »3 2 0 n m 
|g-©TiffiJg 5 : ttttttH 7 #B, ©3 2 0 nm, 
#7XS«6 : 7;P5/->U^r-h^©a^7X 50 



ft|»¥8-2 1 2 5 3 1 
^16 5mm, ftg2 0mm. &JH0. 6 3 5mm 
JM5fc»|«l/0>ftl». 

[0073] asn#^3~i 3©u->7*;i/tt. mmmi 

[0 0 7 4] t&HHfl 4~2 6<DH->-?Mt* ^SSW 
2(C*ffS-r-5t)©Tfe5. 

[0 0 7 5] fttfHrei 4~1 5, 17~2 0©'9->7 

*>©?<&* mm- n . 

[0 0 7 6] iS**##l 6 ©U-> ^M*. ±i£©§g&2 
- lfcSfflLTKitLfc. fib, ff=:®TJU4*J8ft 

bhotjmssjiwmmc, nmuwzmm&m&j&tfi 

7;V5*©& (feg*«j2wm) mmUtc7—7Z, 4 

0 0 r pmT?EHE3-&T^*7-^©SBfc 1 0 0 g© 

#U B5©KII*fflV»T«H©T«UH3. fi*tt)g2<!; 
SffiR 1 «»J»Ufc. 

[0077] ttfMHH 1~2 3 ©•»•> BBS 
Ha+»B<b-r*£fcT?BfcB4 1 s»j«ufc"b©T?* 

[0 0 7 8] t*tt#*|2 4~2 6©1J->7"Mi. 
7XvJ5glC<fcoTKft;J14 1 £j&f£Lfc*>©T&.5 
CBft2-2' ) . 

[0079] ■v-yjjimz&ttztvi&vnMtetiim 

[00 8 0] [1] tggfii 

tfcAo, <tfnfc*^©BaffiS(K^K^s«*6H**n 

[00 8 1] OH&BJU&tftCDlMlfi 
K*^#bfc®«{©ifc^£B 7 {C^«tt<h 

[0 0 8 2] Ktt##i. 2 (ttKiv) ©-y->^;uT 
[0 0 8 3] ::n{cMl/K!|SfS^3~2 6©tJ->7;v 

»KV»«Btt€jSb&. fe*>T?t>. T i , Z 
r, Mo £Sg-©Tifi)f 5 t UTffl (1*8*9 
4, 5, 10, 11, 12, 14, 15, 16, 1 8, 

1 9, 2 1, 2 2, 2 3, 2 4, 2 5, 2 6©U->7 r 

M \z\t. »r:oT«»4)8«Ta, HfntnttoT 
feA»ftBBtt*jRLfc. ^©±5»C^-©Tffi5«5* 

[0 0 8 4] ft*. 5^X^viraX£Sgtfci**5f##l 
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(7) 

11 

[0085] [2] tHKgffift 

*Hc(Tb)<h> *&Jyfa\ZWMhtc®&V>m&-t)£. ©it 

[0086] mm^mxmm 

(frfJDLTiffl)tLfc«fiB;W3 2. 3kA/m, # 
S^|6j[CfiS|f$BJJntTS!l«Lfe«a*^2 6. 5 k A 

©<ttt>ftt>;*:tv>. ffioT, fS-©Tftja4©gffi{cfr 
o£x?x^inmc£oTRM#i*i©«&s#tea<8i a? 

[0 0 8 7] [3] GBtttt 

a&mfttemmzms onmcwu 5. 5kt-/h 

/mm®fS®&g-effi®i£f?ofc. *-UT. -?•©£#© 
f>f 7. * / X© SBSttft. teEigT§i!r&A,fc*«£© 
ffl#«EE©fc!-*ffiT8^fct-5££T«M:/<fXf& 30 

h7-y^in^^©*mi^Ti^i;T* 
z\z\-e\tz\<Dmmt;'(X%&\z&'3^Tt&ft 

[0 0 8 8] ®ffl£ifcli*5«fctf*©ffMli 
K&#^3~1 3©if>!7>©5^fm#^4, 5, 

7, 11, 12, i 3©u->^;i/©«^t;y'fXt, tt 
&#*ti 4~2 o©-tf->x>u©&i&fl;y-rX£> £&® 

1-5ttm##l 4~2 0©tf>X;U©/^X©«3# 

[0 0 8 9] nfltK, ism#^2 1~2 3, 2 4 40 

~2 6Oif>^0JSfejt/'fXt, iS^#^4, 5, 

^21-23, 24-26 (D?>7)l><DM^ WfoitJ 

[0090] unmn4. 5, 1 1 ©tJ->x;w©»fi8£ 
gcDmt@4 i*w^nT^s©*sji^5nfc. ^© 



#M¥8-2 12 5 3 1 

12 

[0 0 9 1] TafcHWKHf fc^=©TJfiS4 £LT 

[0 0 9 2] [3] $ssseiS] 

»- ©Tflsia 4 ©ws {c^HL^-y->x;w$^ 

U Jin*Wft«*fcl/&. Sg-©T«lB4©J5t3Etf1. 

©&# *m. sso a. iswi5©d->x 

JPtH«tUfc. tSA£ffl®M&l2. xa@ifrlcJ:-3T 
[0 0 9 3] ®M£J«£ 

X^@*T©i^«, CrTli (8§H©TflSlf3) ©BBIrJ 
# (2 0 0) T, Co^M (G8ftjf2) ©BBfa# (1 

1. o) •v&zz\tifit>fr-Dtc, z<Dm?%m8\zm 

f. 0 8T«««l«Sg~©Ti&»4©JfJST&5. «M 
ttlift©I>y£X*Sl2l#rX^ hJW^^fcCo (1 
1. 0) @*ftCr (2 0 0) BJrtOt-i'aMEtU 

[0 0 9 4] »z:0T«JB4 0(HP3W>flrt-*t. C r 
Tllffl (2 0 0) 6B|6j<hCo£&g|© (1 1. 0) SB 
|Bj®&#«4>-f£. £fc. 3nmfi(T©#^tC»^«« 

p&^w^-riiHte:, s=©T»!i4©j|[$*t#^fc 

h -5 £ Ic J: S & *!l 91 L 

fc. tt±©^a:^&, ^-©T*«4©SJ?tt» 3nm 

mm&±. 7 5 nn«aaTtr*iit*»«"bff*uv> 

t^H^tSns. Sg-©TJ6! 4©J?;*£;i©J;5fc 

«iHrtfc-rn«, cr^ocn«qiAiceMrr«fiA 
«*#«KUi^fcj6. Bftfttttcan. /-fxcffi^ise 

«tfftft*ct«tto*». fib. m=©T«!l4©J¥3 
mi 5 onmggs-m. aMsy-f XflWcMfofco 

[0 0 9 5] CQtilftttMfflOttflfctt. Kfl#*3~ 
2 6©*>^Jl^TlCJl6n*38*. ifcCr, Zr, M 

oTtti©ffl[&j*t5fi<, ««*t>sue>»t>©*tnsn 

5. fOftaTi, Al, Si, V, NbTit (11 
0) ElftlLfcCr***. (10. 0)S|pJL&Co-& 
&®tf~jr#ttt#>fc«ft£n«. t^T, Cr, Z r, 
Molt TatHfRrt (2 0 0) ffi|nl3i*£3!i* 
£E§-r5££ft<, 8«tt£[6]±S1*S®nfc3S-© 

[0 0 9 6] *f?X£W©*m#&fc*«R*ffl 
^Jfc»fliHS«ft:©^tt*S!feUfeJ8*S01 OSJfl^ 

[0 0 9 7] iUS*f^ (x4 X^S!a^|Bg««^) 
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13 

: Co • Cr • P t£&, JfS 3 3nm 
8S=©Ti8JS 3 : C r • T i »S80nm 
m-©TiftJi4 : 9>$)V. 0 nm 
m-©Tl«® 5 : ttmm 9PM. &Z 2 0 nm, 
S«6 :tftttiB9#!R 

fl.g6 5mnu |*Jg2 0mm. JgJSO. 6 3 5mm 
!i*Wt2 7-3 0©U->7Mi. 2!^SI©#7X«# 
-# «©&0 Sffl ft t fc t> ©£S« £ L Tffl V»fc. 
3 1 ~ 3 7 0*>^JMt. gHK^fM*^ >ft 
Sm#^3 5~3 8©U-> 
7MWi. ff*l/fc*H?*>©ft«©ftliie»tlc. 

0 0 nm©&fl^£^Lfc'&©£Jf)^;fc. 
[0 0 9 8] U&##3 0, 3 4, 3 8 (D^>^Mt. 

m~ ormm ©sate? * x? 1 * upx^sgb^. 

[0 0 9 9] *-©ffil©&#H, 09{C^Lfc. 5^*5, ii 
&#*|2 7, 3 1, 3 5<DH->7Mt. itWtmtVX^ 

fc. J^l/fcl*IW»i©#>:/;i' (#7X£«£fl!v> 

ttttmro . tttw»5. 1 2©-9->x;i/ ey^xais 
[oioo] mi<DTt&m*:m-tT^t£^ung%2 

7, 3 1, 3 5<DU->^t?tt, ®«14#0~2 4%T? 
2fU &&#^28~30, 3 2~3 4, 3 6~38 

a. ftfttt**i o ojkt&d. ztit>a&m\zttVT<b 

ftfttt©fl±jW&&n&. K»S^2 8, 3 2, 3 6© 
■tf->7^ (H-©Tflfig : Z r) tt, Ii$f#*t2 7, 3 

l, 3 5©u->^;u (jttftti) tctt^T. mmts^x 

[0 1 0 1] tt&#*|2 7, 2 8, 3 1, 3 2, 3 5, 
3 6<DD->7MZZ>^X%i®&fa&m'<ft. *•©&£, 
£da£&© (2 o 0) E|Bjtnn;Vh-&^ (1 1. 
0 ) ffifltt. Z r jj» 5 &3$iS-©Tififf 5 ©*»C&# 
ofc. Sfc, #5Xg«£fflV>&$£- 
tmm\Z. C r «tMo-&±t3SS|pJ**C$-B-T^fc. T 
i, Al, Si, V. Nblt ±IB£tf1-©ffi|B)£3ii;3 

«*fcy^x«ft#«w*ftffliwi&n 

Tt>. Zr, Cr, M o #&— ©Tifift 5 t bT3"t"S 

[0 10 2] x?X?YiQl£&L£ijm#*f 3 0, 3 
4, 3 8 ©+r SBloJJtl 1. 5~11. 8 

^^S^ttS^bfc. ^ntc«t0«^|pl©#^*« 
fl±U aftfc/^XftftfclftUiLft. 
[0 10 3] ±j$L*Jil& (07~09) Ttt, 



(8) #B§¥8-2 1 2 5 3 1 

i4 

X, MS<k^7X) Co^Tt>*58HJ©^**t#P,n 
&. ±JB©#a^)*tt. SS=©TlSJi©/f2a<3 
0 OnmfitTr^ntf, m=©T«!^©Jf£$KiiiA/i: 

[0104] *%wv>m$v>%mmzi$m?z>* 
[0105] ^^©a^iBsa^ssxYx^t)? <£ 

W&V< : ^7X. fl-g : 6 5mm, : 2 0mm, J? 
S : 0. 6 3 5mm. fi&ttft : KffitC» iC^j&U 

Lit. &IBS8S3. 9 4kfcf>;/r-/mm (1 OOktf 
»;h/'f>f). r-^y^fl^ 3 6 r-7-yi?/mm 
(6kh7«^/^>f) *CE»ft£U X7-fg*$ 

[0 10 6] *ft.9il£. 7^**S©eftft*fclR&ft 
fc. Jl©te©£«£ffl^S^x-Xfc£©fi? 

[0 10 7] 

a? [58$©26£] *§gWi. &»fS®JSM|:©S£*£fJI»S©/ 
ftS-f, 58ax-y^©S¥*[SlESi^©JKaiH®ij« 
[0ffi©flS#J5:BiW] 

[01] *3m<D&mmixh%m%mm&<omm 
[02] nsg«i©iK^ia®aj#&*^ifrt©aiR5!La 

[03] *58W©SUg«2T?*5«ai2Sj«^©rtSB« 

[04] m-&£&m=(DTi&m<DMmzm^nzm 
[05] s=©Tflss^*^i-2>©(cfflv^nssa 

£^T0-?&5. 
[06] ««C«EftB«PL'TiWt*»ftS'ttTfiU|II 

tcgifte4 1 zmm-zmw. mit^m) 

40 [07] #3B$©i!!WS®*i&&©!g»tt. 

[08] *5g^OiSafB®jK«:©ifg^E(pJSr. X«l9tfr 

-raisb«:i!e*?£^-r0tf*s. 

[09] #f8Wc£vn:#7Xtttt©S«£m>fcSBft 

[010] T*IH*2JBlC»ft*tt3tEft«ft*-rHT?* 
[«F^©i«W] 

50 l-fiMUB^fllftK. 2-«ttJB. 3-S&HOTJ6 



-272- 



(9) 



8-212531 



15 

y-, io -ms. ii-t-^-, 12-h* 

7A;v:/. 1 3 -»-o"FiSJi»J*a. 14-m- 
©TiffiBJ&fi&S. 1 5 -8=©T*WB#jfca, 1 
6 2 2-® 

[01] 



iff 



3 0-^n-iWt^7XT, 3 3-as-co 
TJftB&B©*—?* K 3 4-S!r:©TiftJB&fS© 
y K 3 5 -SgHOTiftJS&M©?-"^ K 
3 6 "Wm<km<D9-Vy h. 3 7 -#SBW© 

03 




[02] 



02 



10 13 





> jL Jl Jl J£ 11 li Ji\ 



[04] 
04 



[06] 
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(10) 



8-212531 



ms 




[07] 

mi 

*&wntm°>»mxm taunts * x#a 











*-<0T» 






Hccno 


E 


HMMfc; 






T*U§ 


TttS 












ft 








««• 


#J* 


mm 




2F0X 




A/tn 


it 


Vtm*/Vw> 




1 


*L 


Ta 


a** 


smw* t 


L 


0 


24.4 


0.99 


0.W79 




z 


fit 


Hf 




BMW ft t 


frL 


0 


25.0 


1.01 


0.0326 


Jfctt« 


3 


Cr 


Ta 


SIS 


BMW*L 


*L 


80 


25.1 


1.01 


0.0295 




4 


TI 


Ta 


as 


MRtl 


*t 


100 


23.6 


0.99 


0.0292 




5 


Zr 


Ta 


Sift 


BHWfrL 


frt 


100 


26.1 


1.02 


0.0262 




6 


Al 


Ta 


as 


WW4L 


frL 


80 


24 J5 


1.01 


0.0320 




7 


Si 


Ta 




BMOTfcL 


^1 


88 


22.5 


1.01 


! 0.0308 




8 


V 


Ta 






«eL 


96 


23.9 


1.01 


0.0273 




9 


Nb 


Ta 




KfWfrl 


*b 


76 


25.9 


0.99 


0.0278 




10 


Mo 


I* 


as* 


R4W*L 


*L 


100 


28.1 


GL99 


0.0272 


2jC&W 


11 


Tt 


Hf 


fttt 


fcfW*L 


fcL 


100 


23.2 


1.00 


0.0300 




11 


Zr 


Hf 




IMW<rL 


*L 


100 


24.7 


0.99 


0.0293 




13 


St 


Hf 


&a 


BMW* I 


*l 


100 
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